Abstract The last 20 years have produced developments in the treatment for patients with non-obstructive azoospermia (NOA) who were once considered to be infertile. The combination of intracytoplasmic sperm injection together with various testicular sperm retrieval techniques, including conventional testicular sperm extraction (TESE), microdissection TESE (micro-TESE) and fine needle aspiration (FNA), have revolutionized treatment for these men. In men with NOA, isolated regions of spermatogenesis within the testis are common. The goal for all types of sperm retrieval procedures is locating the focal region(s) of spermatogenesis, and harvesting the sperm for assisted reproduction. This review article explores the surgical management of men with NOA and describes all techniques that can be used for testicular sperm retrieval. A PubMed search was conducted using the key words: "sperm extraction", "NOA", "testicular FNA", "testicular mapping", "TESE", and "testicular biopsy". All articles were reviewed. Articles were included if they provided data on sperm retrieval rates. The methods for performing sperm retrieval rates and outcomes of the various techniques are outlined. Micro-TESE has a higher sperm retrieval rates with fewer postoperative complications and negative effects on testicular function compared with conventional TESE. ª 2015 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http:// creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Approximately 10% of infertile men have non-obstructive azoospermia (NOA) and 60% of azoospermic men are diagnosed with NOA [1] . Dramatic advances in the last 20 years have been made in treatment options of NOA. In the past, the only options for treating men with NOA were donor insemination or adoption. The theoretical basis for attempting to retrieve spermatozoa from the testes in men with azoospermia is based on early histological studies that noted spermatids in infertile men [2] . The testes of infertile men have a mixed histological pattern of focal areas of complete spermatogenic development in a background of germinal cell aplasia [3] . The development of intracytoplasmic sperm injection (ICSI) paired with the practicality of retrieving viable sperm from the testes of NOA patients led to the development of fertility treatments for these patients [4] .
There are several etiologies for testicular failure that leads to NOA, including genetic disorders (e.g., sex chromosome abnormalities, translocations or Y chromosome microdeletions), cryptorchidism, radiation and/or gonadal toxins. Despite the different causes for testicular failure, the goal for sperm retrieval is always finding the focal area of spermatogenesis. There are several approaches for sperm retrieval including fine needle aspiration (FNA), percutaneous testicular biopsy, open testicular biopsy (testicular sperm extraction (TESE), which includes multiple TESE), and microdissection TESE (micro-TESE). This review article will describe the technical aspects of testicular sperm retrieval and highlight the sperm retrieval rates (SRR) and outcomes of these procedures.
Evidence acquisition
A PubMed search was conducted on February 15 2014 using key words: "sperm extraction", "non-obstructive azoospermia", "testicular fine needle aspiration", "testicular mapping", "testicular sperm extraction", "testicular biopsy". English language articles were reviewed for inclusion. Articles were included if they provided data on SRR.
Evidence synthesis

Indication for surgery
In azoospermia, sperm retrieval is possible through both open and percutaneous surgical approaches. In obstructive azoospermia, sperm is usually harvested from the epididymis. Testicular sperm extraction is reserved for when epididymal sperm extraction fails, and it is the only option for sperm retrieval in men with NOA.
Preoperative preparation
To confirm the diagnosis of azoospermia, the semen sample should be centrifuged and the pellet should be examined under the microscope, up to 35% of men who were diagnosed with NOA may in fact have sperm in the ejaculate [5] . A thorough history and physical examination should be performed on all men with NOA. In addition, hormonal evaluation and genetic testing should be offered, specifically karyotype analysis and Y microdeletion. On physical examination, men with NOA have small testes and flat nonindurated epididymides. On hormonal testing, elevated follicle stimulating hormone (FSH) greater than 7.0 mIU/mL is common and variable levels of serum testosterone (T) are seen. The etiology of NOA will be elucidated in up to 17% of men with genetic testing [6] . Genetic testing also provides prognostic information for counseling patients about their prognosis and the possibility of passing a genetic defect to their offspring if they proceed with in vitro fertilization. For instance, men with the AZFc deletion or Klinefelter's Syndrome have good prognosis. Men with complete AZFa or AZFb have little to no chance of sperm retrieval [7] . Men with AZFc deletion should be counseled about passing on the genetic defect to their offspring.
Prior to surgical intervention
Optimization of spermatogenesis prior to sperm retrieval should be attempted in couples where the female age permits. Simple changes in life style habits such as smoking cessation is advised for the male partner might improve their fertility potential. Medical treatment is effective and recommended for men with hypogonadotropic hypogonadism; therefore, it will often obviate the need for sperm retrieval surgery.
Hormonal manipulation has a role in increasing endogenous production of testosterone and normalizing the testosterone/estrogen ratio in men with clear hypogonadism. Hormonal therapy includes clomiphene citrate, aromatase inhibitors, and human chorionic gonadotropin [8] . Klinefelter's Syndrome patients with a low serum T, which increases to greater than 250 ng/dL with medical therapy, have a higher SRR with micro-TESE [9] . Selective estrogen receptors modulators (SERMs) have been shown to be associated with improving sperm production in men with NOA; however, well-designed trials demonstrating its benefit are lacking [10] . Men with NOA and testicular histology showing hypospermatogenesis [11] , men who failed initial micro-TESE but before a repeat micro-TESE [12] , might benefit from a trial of gonadotropins. Additionally, patients diagnosed with NOA and hypospermatogenesis on histologic examination and received gonadotropins have better SRR even when selective estrogen receptors modulators therapy fails to raise testosterone [13] . Patients with NOA may benefit from clomiphene with normal T.
In a study by Pavlovich et al. [14] men with severe male infertility were characterized as having a T to estradiol (E) ratio of 6.9, whereas men with normal spermatogenesis had a mean T/E ratio of 14.5. Therefore, 10, is proposed as the lower limit of normal T/E ratios in men. Clinical studies of aromatase inhibitors have focused on men with defective spermatogenesis associated with low serum T levels and abnormal T/E ratios. Most of the studies focused on men who had abnormal T/E ratio and it is difficult to draw any conclusion on the use of aromatase inhibitors in men with normal ratio.
The benefit of varicocelectomy in NOA prior to sperm retrieval is limited. Varicocelectomy in patients with NOA resulted in less than 10% that had adequate sperm in the ejaculate obviating the need for subsequent TESE [15] . A single diagnostic biopsy provides a very limited evaluation of the testicle and does not predict SRR because of known heterogeneity of spermatogenic patterns in NOA. Therefore, negative biopsies should be interpreted with caution and patients with NOA may need repeat surgical sperm retrieval [16] .
Percutaneous sperm retrieval
Percutaneous testicular aspiration or biopsy can be performed in the office under local anesthesia, which is less invasive than an open surgical procedure and is most useful for men with obstructive azoospermia. Complications of percutaneous testicular aspiration include intratesticular bleeding and scar tissue. Needle aspiration and biopsy are effective in providing quality sperm for in vitro fertilization/ICSI in men with obstructive azoospermia [17] .
3.4.1. FNA FNA is a blind needle insertion through scrotal skin into the testicle, ideally under local anesthesia in an office setting. There are technical variations in the needle caliber and number of samples taken with the goal of minimizing complications and optimizing SRR.
FNA is begun by preparing and draping the skin with nonbetadine solution. A cord block is performed by injecting 10 mL of local anesthesia into the spermatic cord, the region of the vas and the scrotal skin where the biopsy needle will pass with a 25-gauge needle. The testis is held securely maintaining constant fixed position relative to the scrotal skin. To perform an FNA, percutaneously puncture the testicular parenchyma with aspiration of tissue and fluid using a fine needle, for example a 23 gauge needle. Pull the syringe plunger to create negative pressure while moving the tip of the needle in and out of the testis; the stroke size is approximately 8e10 mm in an oblique plane, thereby, disrupting the seminiferous tubules and sampling different testicular areas. Maintain suction while the needle is withdrawn to remove small segments of seminiferous tubules. Expel the tissue fragments by flushing the needle with sperm wash medium. The sample is sent to the andrology lab, and a sample is assessed by Papanicolaou stain.
FNA was first described by Obrant et al. [18] in 1965 in the human testis and the technique has been modified by many to optimize its efficacy. Turek et al. [19] described systematic and geographic mapping of the testicle using FNA for the presence or absence of mature spermatozoa. Using a template, aspiration sites are marked on the scrotal skin 5 mm apart (Fig. 1) . After the puncture pressure is applied to the puncture sites to ensure hemostasis. To map the sperm production, the testicular biopsy procedure is repeated in several areas. If insufficient sperm are found, the procedure is performed on the contralateral testis. In most men with NOA, mapping the testis is of greater value as it helps to direct subsequent open surgical biopsies. Postoperatively the patient is advised to use scrotal supports and ice packs for comfort. The site(s) where sperm are located on FNA are noted for subsequent open sperm retrieval. The number of aspiration sites ranges depends on the testicular volume.
Complications and outcomes
The needle puncture may cause epididymal or vascular injury. This risk is higher in men with a history of scrotal surgery and scar tissue. Testicular hematoma and post biopsy fibrosis are also complications after the procedure. FNA pathology has a high correlation with testicular histological patterns. Several controlled studies comparing FNA with open testicular biopsy in NOA patients have suggested that open biopsies have a better chance of finding rare foci of testicular spermatozoa present within these poorly functioning gonads and of harvesting sufficient numbers of sperm for ICSI [20] .
FNA correlates to testicular histology about 90% of the time. Sperm retrieval rates via TESE by histology are 14%e 40% for Sertoli cell only, 70%e100% for hypospermatogenesis, 40%e75% for maturation arrest, and 20%e30% for tubular sclerosis. Sperm retrieval rates using 7-8 puncture sites in FNA is 25%e47%. SRR in one biopsy site by TESE is 41%e46%. SRR in 14e21 puncture sites utilizing FNA are 52%e58%. SRR via TESE using more than two sites yields 41%e60%. TESE is required 80% of the time after FNA mapping. The overall SRR by sample weight is 49.5% [20] .
Open surgical approach
There are various sperm retrieval techniques described for men with NOA. General, spinal, or local anesthesia may be used. Perioperative antibiotics may be used in men with prior scrotal surgery or those with higher than average risk of forming a hematoma. Shave the scrotum and prepare the area with a non-betadine scrub and drape in standard sterile fashion. A median raphe incision gives ready access to both sides of the scrotum unless the testes are fixed in position high in the scrotum. The incision is extended through the dartos fibers to the tunica. The tunica vaginalis is then carefully opened allowing the epididymis and the testicle to be delivered. Microdissection of the tunica vaginalis from the testicle may be necessary in patients with a prior history of scrotal or testicular surgery as the tunica may be matted to the testicle. Proceed with either TESE or micro-TESE. Figure 1 Schematic presentation of the systematic and geographic mapping of the testicle in FNA.
Open testicular biopsy and sperm extraction
Open testicular biopsy is utilized for both diagnosis and sperm retrieval. There are two methods of performing a conventional TESE. One can obtain a large quantity of seminiferous tubules through a single incision in the tunica albuginea. Alternatively, one may obtain samples through multiple biopsies via many small incisions in the tunica albuginea.
It is thought that single-site TESE will sample the multifocal areas of spermatogenesis that is distributed throughout the testis. For this method, make a 5 mm transverse incision through the tunica albuginea with a small blade scalpel, avoiding blood vessels (Fig. 2) .
Next gently squeeze the testis and excise the seminiferous tubules that protrude with iris scissors. Limit the amount of seminiferous tubules excised to about 50e100 mg as most of these patients have testicular dysfunction. Place the sample immediately in sperm wash medium. Examine the wet preparation intraoperatively with a phase contrast microscope to assess for the presence of sperm. Close the tunica albuginea with a continuous 5-0 monofilament polypropylene or nylon suture.
In the multiple biopsy technique, one or both testicles are delivered and avascular regions of the testicle are sequentially sampled through 5 mm incisions. Use the operating microscope to identify large subcapsular testicular vessels in the space between the tunica albuginea and testicular tissue. Transverse incisions minimize the risk of subcapsular hematomas. A No. 11 blade is used to make a 5 mm transverse incision in the tunica albuginea and then gentle testicular pressure is used to extrude seminiferous tubules, which are transected with fine surgical scissors. The specimens should be sequentially examined with a wet preparation, thus, ending the procedure when sperm are located. The biopsy site should be closed with a continuous 5-0 monofilament polypropylene or nylon suture.
Microdissection TESE
The use of the operating microscope at 15 Â e20 Â power allows for the identification of seminiferous tubules that are most likely to contain sperm. In 1999, Schlegel [3] observed qualitative differences in seminiferous tubules while performing conventional TESE under optical magnification. Quantitative analysis demonstrated that spermatozoa were present in larger tubules, but not in smaller or sclerotic ones. Harvesting larger tubules decreases the amount of testicular tissue that needs to be removed by 70-fold [7] .
Operate first on the larger testicle or if both are equal in size, the right testicle. After the testicle is delivered, use optical magnification 6 Â e8 Â power to visualize blood vessels under the surface of the tunica albuginea and thereby incise an avascular region. Make a wide transverse incision in an equatorial plane along the midportion with an ophthalmic (miro) knife. This facilitates adequate exposure of seminiferous tubules, in this physiological approach, and the centrifugal vessels, which run parallel to the tubules and septae. In contrast, a small incision limits exposure and can adversely affect the surgeon's ability to visualize and control any bleeding. Longitudinal incisions, while possible, will disrupt the primary testicular blood supply that wraps around the posterior and lower pole sections of the testis if the testis is opened enough to expose all seminiferous tubules. Secure the edge of the cut tunica and seminiferous tubules together, using fine small hemostats. This limits the risk of separation during the procedure and facilitates exposure and dissection within the tissue. Open the testicle with gentle pressure.
All seminiferous tubules must be examined to identify small foci of spermatogenesis. The seminiferous tubules are highly coiled within very fine septae. The dissection should be carried out between tubules to allow access to deeper sections of the seminiferous tubules (Fig. 3) . The space between the tubules and the tunica is highly vascular, so bleeding that would be very difficult to control can occur if there is separation of tissue from the tunica albuginea and/ or if there is dissection in this plane. To prevent separation of seminiferous tubules from their blood supply and thereby Figure 2 Open testicular biopsy. After the testicle is delivered and inspected, the tunica albuginea is incised about 5 mm transversely with a No. 11 blade scalpel avoiding any blood vessels, then gently squeezing the testicle and the protruding seminiferous tubules are excised using iris scissors. devascularize the seminiferous tubules, avoid excessive force during the dissection. Postoperative bleeding and hematoma formation after micro-TESE can lead to scarring within the testis after surgery. Careful dissection and meticulous hemostasis after the procedure will minimize complications. Microdissection continues as an interactive procedure until sperm are found or all regions of both testes have been examined. Typically, small samples of 2e10 mg are obtained, which is far less than the 50e75 mg removed with conventional TESE [3] . If sperm are not found in one testicle, repeat the process in the contralateral testicle. Once adequate sperm are found, hemostasis is attained using bipolar cautery. The tunica albuginea of the bivalved testicle is brought together with a series of small fine hemostats and the testicle is closed with running 5-0 non-absorbable monofilament suture under magnification, avoiding laceration of the sub-tunical vessels.
Sperm and tissue processing
Sperm production occurs within the seminiferous tubules; therefore, mechanical processing of the samples in the operating room is essential to identify sperm in these tissues. The processing involves cutting tissue samples then passing the resulting suspension through a fine (i.e., 24 gauge) angiocatheter, thus, facilitating the release of sperm from the tubules. This processing increases the yield of testicular sperm on intraoperative wet preparation analysis up to 300-fold [21] . Once sperm are found on wet mount, the procedure can be terminated. Sperm are not always identified on the wet preparation analysis in the operating room. The samples are sent to a laboratory for enzymatic treatment for tubule digestion to search for viable sperm, although this has a relatively low success rate that ranges between 7% and 25% [22] . Once the tunica albuginea is closed and the testis is returned to the scrotum in its proper anatomic orientation, close the richly vascularized tunica vaginalis with a running 5-0 absorbable suture, which is then followed by dartos and skin closure.
TESE and micro-TESE complications and outcomes
The testicular anatomy and vascular supply must be respected otherwise TESE or micro-TESE may lead to compromise of testicular blood flow. The testicular blood flow may be compromised from interference of the vascular supply or from bleeding enclosed within the tunica albuginea leading to an increased intratesticular pressure. Postoperative ultrasound shows fewer acute and chronic changes in patients undergoing micro-TESE. Postoperative ultrasound on men who underwent TESE showed up to 80% of men had sonographic evidence of structural changes or intratesticular hematoma [23] . The prevalence of sonographic changes consistent with fibrosis 6 months after surgery was 3.3% after micro-TESE compared to 30% after TESE [24] . Testicular vessels run under the tunica; optical magnification can identify and allow one to avoid transecting the sub-tunical vessels during initial incision. Meticulous hemostasis during and after sperm retrieval helps prevent hematoma formation. Bipolar cautery should be used to avoid heat injury.
Functional evaluation of the testicle after micro-TESE showed a decrease in the serum testosterone concentrations by 20% at 3e6 months, followed by rebound to 95% of the pre-TESE testosterone levels at 18 months postoperatively [25] . Micro-TESE has the lowest complication rates of all testicular sperm retrieval procedures [23] . As with all surgical procedures, risks include infection, bleeding, and postoperative pain.
TESE with multiple biopsies has a better SRR than both single biopsy TESE and multiple FNAs, especially in cases of Sertoli cell only (SCO) syndrome and maturation arrest [23] . In retrospective studies, conventional TESE for NOA have an SRR of 16.7% compared to micro-TESE in NOA with an SRR of 44.6% [26] . Retrospective studies with a controlled comparison show an SRR of 62% for micro-TESE vs. 45% in TESE. The treatment of choice is becoming micro-TESE combined with ICSI for certain subsets of men diagnosed with NOA who want biological offspring. The results for TESE and micro-TESE for men with NOA, including those with Klinefelter's Syndrome, cryptorchidism, prior history of chemotherapy and Y chromosome (AZFc) microdeletions, are summarized below [3, 9, 27] .
Overall SRR via micro-TESE cycle ranges from 56% to 62%. After chemotherapy SRR via micro-TESE decreases to 37%e 85%. Patients with Klinefelter's syndrome have SRR of 65%e 70% using micro-TESE. Patients with a history of cryptorchidism have SRR of 55%e74% utilizing micro-TESE [3, 9, 27] . According to the published evidence, men with SCO syndrome had SRR with micro-TESE of 40%, those with maturation arrest had SRR of 36% with micro-TESE, and those with hypospermatogenesis had SRR of 75% with micro-TESE [28] . Tournaye et al. [29] reported the SRR in TESE to be 84% with incomplete germ-cell aplasia and maturation arrest (MA) as opposed to SRR of 76% in patients with complete germ-cell aplasia or MA.
Tournaye et al. [29] reported TESE overall fertilization rate of 57.8%, with the fertilization rate lower in couples with germ-cell aplasia and MA. Fifty-five percent of normally fertilized oocytes developed into embryos, and overall pregnancy rates of 36.3% per TESE procedure. Bryson et al. [30] reported overall SRR of 56% in micro-TESE with respective clinical pregnancy and live birth rates of 55.2% and 47.2% in patients with testicular volume of <2 mL; 50.0% and 43.0% in men with testicular volumes of 2e10 mL; 47.0% and 42.2% in men with testicular volume of 10 mL or greater. Raheem et al. [31] reported overall clinical pregnancy rate of 32% in men with NOA and live birth rate of 20% after testicular sperm extraction (most patients in this series had TESE). The clinical pregnancy rate was higher for normal spermatogenesis groups (50%) compared to hypospermatogenesis (30%) and MA (25%) versus SCO (33%).
Conclusion
Micro-TESE has a higher SRR with fewer postoperative complications and negative effects on testicular function compared with conventional TESE.
